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1. Introduction 
Inspection of the sequences of reported tRNAs 
[l] reveals 2 adenosine residues that nearly always 
(166 out of 177 cases) occupy positions 14 and 21 at 
the D-loop-stem junction. Apparently, the nature of 
these residues has been conserved and perhaps they 
are involved in some tRNA function, for example, 
aminoacyl-tRNA synthetase recognition [2,3]. Their 
presence may also satisfy a structural aspect control- 
ling native conformation, namely an invariant A . U 
base pair [4,5]. This report resolves the controversy 
by proposing that the invariant adenosines stabilize 
D-stem duplexes, features of secondary cloverleaf 
structure [6]. D-Stems contain only 3 or 4 Watson- 
Crick base pairs while other stem duplexes have 5 or 
more. Melting studies have shown D-stems to be the 
least stable regions in tRNAs [7]. 
Three-dimensional tertiary structure of yeast tRNA 
[4] shows adenosine residues 14 and 21 (see fig.1) to 
be coplanar, and each base-stacked (a vertical elec- 
tronic interaction between aromatic rings) to the adja- 
cent D-stem duplex [5]. Steric tolerance exists, how- 
ever, since the adenosine at position 14 is displaced 
within the helix as a result of its participation in a ter- 
tiary Sobell-type A . U base pair [8] with an invariant 
uridine residue at position 8. This displacement from 
the normal RNA-A helical geometry at the ends of a 
duplex can be considered as partial strand unwinding. 
Extension of base stacking to the invariant adenosine 
residues, is still possible, and therefore enhances over- 
all D-stem stability. 
2. Materials and methods 
The oligoribonucleotides used here were synthe- 
sized by the phosphotriester method developed in [9]. 
Complete details for preparation of these oligomers 
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Fig.1. Adapted from a diagram in [ 51 indicating positions of 
invariant and semi-invariant bases in tRNA sequences other 
than initiator tRNAs. Y stands for pyrimidine, R for purine, 
H for hypermodified purine. Dotted regions represent areas 
containing a variable number of nucleotides in tRNA se uences. 
Numbering system corresponds to that of yeast tRNA &e . 
will appear elsewhere. ’H NMR spectra were obtained 
in the Fourier transform mode of Bruker WH-90, 
WM-250 and WH-400 spectrometers equipped with 
quadrature detection. Probe temperatures were main- 
tained to within +l”C by a Bruker variable tempera- 
ture unit and were calibrated by thermocouple mea- 
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surements. The samples were lyophilized twice from 
DzO and dissolved in 100% DzO (Aldrich) containing 
0.01 M sodium phosphate buffer (pD 7.0) and 1 .O M 
NaCl. The sample concentrations were 4- 10 mM. 
t-Butanol-d was used as an internal reference and the 
chemical shifts reported in parts per million (ppm) 
relative to 2,2-dimethyl-2silapentan-5-sulphonate 
(DSS). The field frequency lock was provided by the 
deuterium signal of D;O. 
3. Results and discussion 
In the quest to evaluate the various factors affecting 
RNA duplex stability, we have established that base- 
stacking plays a significant role. The contribution from 
non-paired 3’-terminal (dangling) adenosines is a major 
factor influencing overall helical stability [ 10,l I]. 
Internal A . A non-bonded pairs have be? confirmed 
as centers of instability, for exampl:, CAAUG:CAxUG 
(r, > O’C) [ 121 and AG&ZU:AGACU (T, - 25°C) 
[131. 
To evaluate the effect from opposing adenosine 
residues a series of synthetic oligoribonucleotid:s, ref- 
erence self-complementary tetramer duplex, AGCU, 
corresponding duplex with a 3’-dangling adenosine, 
AG&JA, and the corresponding duplex with terminal 
non-bonded A . A pairs, AA&JA, were prepared. 
Model studies on D-stem melting can be carried 
out using the duplex formation of AA&UA: 
A+A 
2 AA&UA = &?C? 
UCGA 
AeA 
Variable temperature proton NMR was used to deter- 
mine the stabilities as reflected in the melting temper- 
ature (T,) of the synthetic duplexes (see table 1). 
Clearly, terminal non-bonded adenosine residues 
contribute to duplex stability. The ability of the 
short duplex to unwind partially at the ends allows 
the terminal adenosines to exist in opposition to each 
other; however, the displacement is not of sufficient 
Table 1 
Melting temperature of synthetic duplexes 
Tm CC) 
A&U 33 
A&UA 45 
AAG+CUA 48 
magnitude to interrupt the extended base stacking 
which is enhanced by these adenosines. 
When these model studies are applied to tRNA 
secondary structure, D-stems flanked by two adeno- 
sines at the neck-loop junction, will be more stable 
than stems lacking adjacent non-bonded adenosines. 
Evolution of tRNA conformation [ 141 has resulted in 
a delicately balanced steric arrangement where a ter- 
tiary Sobell-type A . U base pair displaces an adenosine 
residue sufficiently to remain opposite another aden- 
osine, but not to interfere with extended base-stack- 
ing interactions. The invariance of adenosines at posi- 
tions 14 and 21 ensures a more stable D-stem as well 
as distinct loop formation due to strand separation. 
We note that a pair of purines also exists at the other 
extremity of the D-stem of most tRNAs. 
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